AD=-Al20 172

'
UNCLASSIFIF!

I ar !

MICHIGAN STATE UNIV EAST LANSING F}G T/4
MS/MS BY TIME-RESOLVED MAGNETIC DISPERSION MASS SPECTROMETRY.(U)
SEP B2 € 6 ENKEr J T STULTS, J F HOLLAND NO0O14~76~C~1092

n TR-12 NL

<




OFFICE OF NAVAL RESEARCH
Contract NO0O14-76-C-1092
Task No. NR 051-634

TECHNICAL REPORT NO. 12

MS/MS BY TIME-RESOLVED MAGNETIC DISPERSION
MASS SPECTROMETRY

by

A AL20172

Christie G. Enke, John T. Stults, John F. Holland,

John D. Pinkston, John Allison and Jack T. Watson

Prepared for Publication
in

International Journal of Mass Spectrometry and lon Physics

and

Proceedings of the 9th International Mass Spectrometry Conference
Vienna, Austria, 1982

%

Departments of Biochemistry and Chemistry 1‘25
Michigan State University < *g}
East Lansing, Ml 48824 v(z o
\
September 24, 1982 & &

> ®

Reproduction in whole or in part is permitted .or
any purpose of the United States Government.

>

EES This cocument has been approved for public release

o and sale; its distribution is unlimited.

)

!

(e

| A

e g2 10 13 013

Ve P

Ay -

skl

e .




" SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)

REPORT DOCUMENTATION PAGE BEFORE CONDL ETTNe FORM
L|'.'7|¢‘l'c>m' NUMBER 7. GOVT ACCESSION NOJ 3. RECIPIENT'S CATALOG NUMBER
TWELVE . I)‘A, /20 /7 -
4. TITLE (and Subtitle) S. TYPE OF REPORT & PERIOD COVERED

MS/MS BY TIME-RESOLVED MAGNETIC DISPERSION

’ MASS SPECTROMETRY Interum Technical Report

6. PERFORMING ORG. REPORT NUMBER

7. AUTHORC(s) 8. CONTRACY OR GRANT NUMBER(a)

Christie G. Enke, John T. Stults,
John F. Holland, John D. Pinkston, John Allison N0O0014-76-C-1092 .
and Jack T. Watson P

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT, TASK i
Department of Chemistry AREA & WORK UNIT NUMBERS |
Michigan State University ’
East Lansing, MI 48824 : NR 051-634 ¥

1. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE i {
Chemistry Program September 24, 1982 -~ 1
Office of Naval Research 13, NUMBER OF PAGES .
Arlington, VA 22217 5 4

14. MONITORING AGENCY NAME & ADORESS(if difterent from Controlling Otlice) 15. SECURITY CLASS. (of this report) ;,*
ONR Representative Unclassified ;i

Ohio State University Research Center
1314 Kinnear Road 1Sa. ?ggéagls_ugucnlon/oowGRADING t
¥

Columbus, OH 43212

6. DISTRIBUTION STATEMENT (of this Report) !

Approved for public release, distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abatract entered in Block 20, if different from Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverae side if necessary and identify by block number)

\|
20. Aasgcr (Continue on teverse side Il neceseary and Identify by block aumbar)

The modification of a magnetic sector mass spectrometer to provide k
measurement of ion flight time results in a novel instrument which can ‘
provide all the data presently obtained from tandem MS/MS instrumenta- t
tion. The combination of ion momentum and velocity analysis provides %
unambiguous mass assignments for parent and daughter ions while flight
time comparison establishes parent-daughter relationships. Data has
been obtained from a modified LKB-9000 which demonstrates the feasibility

N

DD \‘ok'7s 1473  eoimion oF 1 nov 6318 oBsOLETE » \__l

S/N 0102-014- 6601

SECURITY CLASSIFICATION OF THIS PAGE (Whon Date Entered:

R SRV ESIF P

- A . WP I SPENERI Gl P

e
O
y >




DA IS 17 1 e e g e sab S T e -

LU TY CLASSIFICATION OF THIS PAGE(When Dets Entered)

T et ——

of this technique. Suggestions for an upgraded instrument with automated :
scanning are made and the possibility of achieving full MS/MS data col- 3
lection on the chromatographic time scale through the use of an inte-
grating transient recorder is presented. 1

. . N

e

R e R

= s g bt

3

¢ 128
: Sannounced
i Juztification .Y

f —

oWc By
co Distribution/ ___.ﬁ

veredTeD Avallanility Codes

!‘ T 7 'Awntl and/or

‘Do ! Spocinl

| } !

i oo
!

kiccoszEB“FBP iT
BTI3 GRARL

B7] O

VA 4

!

L
T b e

SECURITY CLASSIFICATION OF THIS PAGE(When Date Enteteu)




MS/MS BY TIME-RESOLVED MAGNETIC DISPERSION MASS SPECTROMETRY

C.G. ENKE,! J.T. STULTS,Z J.F. HOLLAND,> J.D. PINKSTON,4 J. ALLISON,’ and
J.T. WATSONS '

1»2,5chemistry Dept., Michigan State Unlv., E. Lansing, MI 48824 (U.S.A.)
3,468 10chemistry Dept., Michigan State Univ., E. Lansing, Ml 48824 (U.S.A.)

ABSTRACT

The modlfication of a magnetic sector mass spectrometer to provide mea-
surement of lon flight time results In a novel Instrument which can provide
all the data presently obtalned from tandem MS/MS Instrumentation, The
combination of lon momentum and velocity analysis provides unamblguous mass
assignments for parent and daughter ions while flight time comparison
establ ishes parent-daughter relationships. Data has been obtained from a
moditied LKB-9000 which demonsirates the feaslbillity of this technique. Sug-
gestions for an upgraded instrument with automated scanning are made and the
possibitity of achieving full MS/MS data collection on the chromatographic
time scale through the use of an Integrating transient recorder Is presented.

INTRODUCT ION

A new technique, based on measuring the flight time of lons In a magnetic
sector mass spectrometer, can provide all the information currently obtained
with tandem MS/MS Insfrumenfaflonﬁ To Implement this technique, the source
of a magnetic sector mass spectrometer Is modified to provide brief pulses of
lons and time-resolved lon current detection Is employed. Dispersion by the
magnetic field allows only ions of a particular momentum to be detected while
time-resolved detection provides an analysis of lon velocity. The product of
the magnetic fleld strength B (proportional to the momentum, mv) and the
flight time t (proportional to I/v) uniquely determines the m/z of a detected
lon, Independent of lon kinetic energy because ion velocity cancels out.

In tandem MS/MS the first mass filter selects a particular ion mass from
the source after which I+ may undergo unimolecular or colllslon-Induced disso-
clation (CID). The daughter ions from the fragmentation of the selected
parents can then be mass analyzed by the second mass fl|ter. Current MS/MS
Instrumentation Is based on combinations of magnetic sector, electric sector,
and quadrupole mass analyzer&?'s The mass selected by the analyzers can be
scanned in such a way as to produce daughter, parent, or neutral loss spectra,
The complete MS/MS data fleld Is a three-dimensional plot of lon Intensity vs

R 7

4

g




parent mass vs daughter mass and includes all the daughters of all the parents
4

produced by the source.

THE TIME DIMENSION IN MAGNETIC MASS SPECTROMETRY

Without time resolved detection, lon fragments formed between the source
and the magnetic sector appear In the mass spectrum as "metasrable" peaks at
an apparent mass m¥% = m%/m,, where m, and m, are the parent and daughter
masses. Neither the daughter nor parent masses are uniquely determined by
this relatlonship. The lon current can result from stable lors as well as
daughter {ons that have the same momentum. These normally superimposed con-
tributions to the lon current can be sorted out by time resolution, however,
since daughter fons resulting from post-acceleration fragmentation have nearly
the same veloclty as their parenfs.5 As shown in Flg. |, for any selected
momentum, the stable fons wiil arrive first, followed by daughter lons of
successively heavlier parents. The masses of parent and daugi.ter fons are
determined by their Bt product and for each daughter ion, the mass of Its
parent is determined from the arrival time. Thus all the normal MS/MS data

can be obtained.
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Fig. I. Concept of time-resolved magnetic dispersion mass spectrometry.
Reprinted with permission of the American Chemical Society from Ref. I.

The occurence of various types of lons as a function of B ana t Is {{ius~
trated In Fig. 2 for a mass spectrometer with an accelerating voltage of
3500 V, a sector radlus of 0.2 m, and a fiight path of [.0 m. Stabie lons
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wlll occur along the line of unity slope. All daughters of a given parent wiil
occur at the same flight time as thelr parent, Parent ana daughter ions of a
glven mass fall! on the hyperbola of constant Bt proportional to that mass.
The energy spread of lons due to source or post-acceleration fragmentation
processes will cause a spread of lon Intensity along the constant mass line,
but should not cause the mass resolution to be less than the resoiution in the
determination of Bt,
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Fig. 2. Plot of field strength vs fiight time for stable and daughter lons.
Points a and b are for stable ions of m/z 400 and 150. Polnt c is a
daughter of m/z = 150 from a parent of m/z 400. Reprinted witn permission of
the American Chemlcal Socliety from Ref. {.

EXPER IMENTAL

Time-resolved magnetic dispersion mass spectrometry has been demonstrated
In our lab by very minor modifications to an LKB-9000 magnetic sector mass
spectrometer., A square wave modulation was appllied to The existing beam
focussing plates to deflect the beam away from the sector axcept for an
Instant during the rising and falllng edges of the square wave. lon current
was observed on an oscliloscope connected directiy to the electron multiplier
detector and triggered by the square wave source. For several compounds,
various stable and daughter lons were observed and Identifled. For example,
the molecular lon of [,4-dloxane of m/z 88 was observed to have a f]ight time
of 13,0 us., At the appropriate fleld strength, a stable ion mass 38 was




A AN

i Reans —pemsries e

A 4 g ATy A I T TR T AT vt vz o

observed with a filght time of 8.8 us. At that same field strength, a daugh-
ter lon formed by metastable decompczit’ on was also observed. From Its flight
time of 13.0 us, the mass of Its parent was determined to be 88, the molecular
lon. From the comb]na*lon of fleld strength and fiight time, an unamblguous
daughter mass of 58 could be assigned. This Implementation has demonstrated
the feasibllity of this technique, but data collectior at present Is manuai

and tedious.

FUTURE IMPLEMENTATIONS

A boxcar integrator used as the detector amplitier wili aliow automatic
collection of the entire data fleld. Linked scanning of the field strength
and the sampled arrival time wlll provide daughter, parent, and neutral loss

scans as In modern tandem MS/MS. Efficlency wiil be further Improved through
use of a pulsed rather than chopped source and through the additlion of a
collision cell, Arguments supporting the expectation of comparable
sensitivity and Improved mass resolution with respect to the normal magnetic
sector mass spectrometer are presented elsewhere.!

The ultimate capablility of time~-resolved magyaetic dispersion mass
spectrometry will result when used with the integrating transient recorder
currently under development in our laboratory. This system will be able to
record all the lons transmitted In each pulse with a time resolution of 5 ns.
Time spectra from ten to one thousand source pulses (occurring over a 40C us
to 40 ms Interval) will be averaged before spectral processing and storage.
The abllity to record all lon arrival times will aliow the complete B vs t
data flelc to be collected in a single sweep of the magnetic fleld strength.
The goal of this Impiementation is to achieve complete MS/MS spectra on the
time scale of chromatographic peaks for true GC/MS/MS. Only with this
capabillty wiil the full power of MS/MS be avallable for screening analyses of
compiex mixtures,

SUMMARY

It has been demonstrated that through the minor moditication of a magne-
tic sector mass spectrometer tor time-resolved detectlon daughter lons can be
distinguished from stable lons, the masses of both can be determined unambig-
uously and the data provided by conventional tandem MS/MS can be provided. A

box-car Integrator ion detection system could provide automated data collec-
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tion and all the standard MS/MS scanning modes under appropriate computer
control. With an Integrating transient recorder, the complete time array
could be recorded for each source pulse and give the complete MS/MS data fleld
for each scan of the magnetic fleld strength. This extremely high data
collection rate opens the possibility of full MS/MS on the chromatographic

time scale.
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